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*XPJDRQ 7KH H[SORLWDWLRQ RI RUH ERGLHV ZLWK ZHDN KRVW URFN PDVVHV DV IRXQG LQ WKH PDQJDQHVH
GHSRVLWLQFHQWUDO,QGLDLVDGLIILFXOWDQGFKDOOHQJLQJWDVN$OO WKHXQGHUJURXQGPLQHVRI02,/ZHUH
XVLQJKRUL]RQWDOFXWDQGILOOPHWKRGRIPLQLQJRU LW¶VYDULDQWZLWKYDULRXVVXSSRUWV\VWHPVOLNHSDFN












7R NHHS SDFH ZLWK WKH FKDQJLQJ WHFKQRORJ\ LQ IDVW JURZLQJ ,QGLDQPLQLQJ LQGXVWU\02,/ KDV
XQGHUWDNHQ URFNPHFKDQLFV LQYHVWLJDWLRQRI WKHYDULRXVVXSSRUWLQJV\VWHPVDQGVWRSHGHVLJQ'XH WR
PDQ\ FRQVWUDLQV RI XQGHUJURXQGPLQLQJ DQG OLPLWHG DYDLODEOH VSDFH DQG WLPH IRU VXSSRUWLQJPDQ\
DFFLGHQWV LQ VWRSLQJ DUHD KDG WDNHQ SODFH GXH WR IDOO RI URRI'XULQJ WKH VWXG\ RI WLPEHU VTXDUH VHW
VXSSRUWLWZDVREVHUYHGWKDWVXSSRUWV\VWHPSURYLGHGRQO\SDVVLYHVXSSRUWWRLPPHGLDWHURRIDQGDIWHU
HUHFWLQJWKHVTXDUHVHWLWSURYLGHGVXSSRUWWRWKHLPPHGLDWHPWRSOD\HURIWKHVWRSHEDFN




















DIWHU HUHFWLRQRI WLPEHU VT VHW VXSSRUW7R UHLQIRUFH WKLVXQVWDEOH ]RQHRI±P IRU VDIHW\











KLJKO\ MRLQWHG ZLWK GLIIHUHQW MRLQW VHWV GHYHORSHG SHUKDSV GXH WR ORFDO VWUXFWXUDO GLVWXUEDQFH
1HYHUWKHOHVVWKHWUHQGRIWKHPDMRUMRLQWVHWLVSDUDOOHOWRWKHRUHERG\WKURXJKRXWWKHPLQH
2.2. Rock mass classification 
%HIRUHLPSOHPHQWDWLRQRIURFNUHLQIRUFHPHQWE\IXOOFROXPQFHPHQWJURXWHGFDEOHEROWURFNPDVV





























































2.3. Pre reinforcement 
7KH FRQFHSW RI SUH UHLQIRUFHPHQW FRQVLVWV RI LQVWDOOLQJ VXSSRUW SULRU WR H[FDYDWLQJ WKH DGMDFHQW
URFN7KHSULQFLSDOHIIHFWLVWROLPLWWKHGLVSODFHPHQWRIWKHURFNPDVVWRVPDOOYDOXHV7KLVPLQLPL]HV
WKH VKHDU DQG GLODWLRQ DORQJ H[LVWLQJ JHRORJLFDO VWUXFWXUHV DQG SHUVHYHUHV WKHLU LQVLWX FRKHVLRQ DQG
IULFWLRQVXFKWKDWWKHURFNPDVVEHFRPHVVHOIVXSSRUWLQJ/LWWOH-RKQ$QRWKHUDGYDQWDJHRISUH
UHLQIRUFHPHQW WHFKQLTXHV LV WKDW EODVWLQJ FDQ EH GRQH DJDLQVW DQG DOUHDG\ UHLQIRUFHG VXUIDFH ZKLFK
ZRXOG UHGXFH WKH DPRXQW RI EODVW GDPDJH $GGLWLRQDOO\ WKH HIIHFW RI VXGGHQ FKDQJHV LQ WKH
VXUURXQGLQJVWUHVVILHOGUHVXOWLQJIURPPLQLQJFDQEHEHWWHUFRQWUROOHGE\DSUHUHLQIRUFHGURFNPDVV
7KH HIIHFWLYH SUH UHLQIRUFHPHQW RI WKH URFN PDVV LQ H[FDYDWLRQV VXFK DV WKRVH IRU FXW DQG ILOO
PLQLQJORQJHUUHLQIRUFHPHQWHOHPHQWVDUHUHTXLUHG>@6LQFHLWLVGLIILFXOWWRLQVWDOOORQJULJLGURFN
EROWV WKH WHFKQLTXH RI FDEOH EROWLQJ XVLQJ ORQJ FDEOHV KDV EHHQ GHYHORSHG :LWK WKLV VFHQDULR WKH
FRPSDQ\ KDV H[SHULPHQWHG DQG HVWDEOLVKHG WKH µ&DEOH %ROWLQJ 7HFKQLTXHV¶ IRU REWDLQLQJ LPSURYHG
JURXQGFRQGLWLRQV
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2.4.1. Empirical design 
1XPHURXV PHWKRGV IRU WKH GHVLJQ RI URRI EROWV KDYH EHHQ SURSRVHG RYHU WKH \HDUV 7KH ROGHVW









 8  XQLWZHLJKWRIWKHURFN
 W  WKLFNQHVVRIVXVSHQGHGURFN
 Q  QXPEHURIEROWVSHUURZ
 :H  HQWU\ZLGWK
 5  URZVSDFLQJ
 6)  VDIHW\IDFWRU
2.4.2. Rock load height (Capacity/Pattern): 









7KH JXLGHOLQHV IRU FDEOH VHOHFWLRQ ZHUH EDVHG RQ HPSLULFDO PHWKRGV SURYLGHG E\ %DUWRQ HW DO
>@)RUODUJHRSHQLQJVWKHUHFRPPHQGHGFDEOHOHQJWK/¶LQPLV

 /¶   %(65IRUURRIDQG
 /¶   +(65IRUZDOOV
+HUH %   RSHQLQJZLGWK+ KHLJKWRIWKHRSHQLQJVWRSH
 (65   ([FDYDWLRQVXSSRUWUDWLR(65YDOXHVDUHIRUSHUPDQHQWRSHQLQJDQG


















126   G.G. Manekar et al. /  Procedia Earth and Planetary Science  11 ( 2015 )  122 – 130 
5RRIGHWHULRUDWLRQZDVREVHUYHGHDUOLHU LQ WKHVTXDUHVHW VWRSHVXS WRPKHLJKW5RFNEORFNVRI


































3.1. Monitoring of cable bolting 
7KHPRQLWRULQJZRUNRI WKHHIILFDF\RI FDEOHEROW VXSSRUWVKDVEHHQFDUULHGRXWZLWK0XOWLSRLQW
ERUHKROH H[WHQVRPHWHUV 03%;V7DSH([WHQVRPHWHUV DQG/RDG&HOOV 03%;VZHUH LQVWDOOHG WR
PRQLWRU WKH GHIRUPDWLRQ RI WKH FDEOH EROWHG KDQJ ZDOO DQG WKH RYHUO\LQJ RUH ERG\ LQ DGGLWLRQ WR
03%;  ORDG FHOOV ZDV DOVR LQVWDOOHG XQGHU WKH FKRFNV LQ WKH FDEOH EROWHG VHFWLRQ WRPRQLWRU WKH




6U1R 03%;1R $QFKRU1R 'HSWKP
 03 	 	
 03 	 	
 03 	 	
 03 	 	
 03 	 	
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F ,Q03VKRZVWKDWWKHPD['LVSODFHPHQWLVPP7KLVDOVRFRQILUPVWKDWWKHVXSSRUWLV
DGHTXDWH
G 7KH UHODWLYH GLVSODFHPHQWV RI DQFKRUV RI 03 	 03 DUH OHVV WKDQ  PP ZKLFK LV
QHJOLJLEOH
)URPWKHDERYHDQDO\VLVLWLVFRQILUPHGWKDWWKHFDEOHEROWDUHDGHTXDWH
3.1.2. Observations of load cells 
0HFKDQLFDO/RDG&HOOVRI7FDSDFLW\ZDVLQVWDOOHGXQGHUWKHWLPEHUFKRFNVLQWKHFDEOHEROWHG






61R /RDG&HOO /RFDWLRQ /RDG7
 ///	/ WKOHYHO 7
 / WKOHYHO 7

7KHIROORZLQJFRQFOXVLRQVKDYHEHHQUHVXOWHGIURPWKLVH[SHULPHQWDOVWXG\3ULQFLSDOO\
D 7KH ORRVHQLQJ RI WKH RUH LV SUHYHQWHG E\ FDEOH EROWV DQG VWRSLQJZLWK DGYDQFH VXSSRUW E\
FDEOHEROWVKDVEHHQHIIHFWLYHDQGVDIHLQWKHH[SHULPHQWDOSDQHO
E 7KH WHFKQLTXH DLPV DW VXLWDEOH UHLQIRUFHPHQW RI ZHDNHU URFN PDVV WR ZLWKVWDQG LQGXFHG
VWUHVVHVGXULQJKHDY\EODVWLQJDQGDOORZLQJIDVWHUPLQLQJF\FOHUHVXOWLQJLQTXDQWXPMXPSLQ
SURGXFWLYLW\DQGVDIHUPLQLQJ
3.2.  Advantages of cable bolting  
7KHUHDUHPDQ\DGYDQWDJHVRIFDEOHEROWLQJLQFXWDQGILOOPHWKRGRIPLQLQJ LQSRRU WRIDLU URFN
PDVVRIKDUGURFNPLQLQJ7KHWZRPDLQDGYDQWDJHVIRUVWUDWDUHLQIRUFHPHQWDUHWKH\FDQEHLQVWDOOHG
LQRSHQLQJZLWK ORZKHDGURRPDQGDFFRPPRGDWH UHODWLYHO\ ODUJHUDPRXQWVRI VWUDLQZLWKRXW IDLOXUH
7KH\ SURYLGH WKH DGYDQWDJHV RI SUH SODFHG VXSSRUW XQGHU GLIILFXOW JURXQG FRQGLWLRQV RI VHFRQGDU\
VXSSRUW WR VXSSOHPHQW URFN EROWLQJ DQG DOVR RI SHUPDQHQW VXSSRUW > @ 7KH FDEOH EROWV SURYLGH





6U1R 'HVFULSWLRQ 2OG6XSSRUWLQJPHWKRG &DEOHEROWHGVWRSHV
 )DFH±206LQ7  ±
 520IURPWKHVWRSH\HDU 7 7
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)LJ&RQFHSWXDO3ODQRIP6WRSHDW%DODJKDW0LQH







H[SRVHG URRI LVPLQLPL]HG DQG LPSURYHG WKURXJK WKH SURGXFWLYLW\ IURP WKH VWRSHV ,PSURYHPHQW LQ




6U1R 'HVFULSWLRQ :LWKRXW6'/ :LWK6'/
 )DFH±206LQ7  ±
 520IURPWKHVWRSH\HDU 7 7
 /LIHRIVWRSH ±\HDUV ±\HDUV
 6WRSHOHQJWK ±PHWHUV PHWHUV
 3DQHOOHQJWK 0D[PHWHUV P±3DQHORIVWRSHV
4.2. Support design for haulage road and cross cut 
$IWHU FRQILUPDWLRQ RQ µ&DEOH %ROWLQJ 7HFKQLTXHV¶ IRU VWRSH EDFN UHLQIRUFHPHQW QXPHULFDO
PRGHOLQJIRUURDGZD\VXSSRUWGHVLJQKDVEHHQFDUULHGRXWIRUWKHGHHSHUOHYHOVDW%DODJKDW0LQH7KH
JHRWHFKQLFDO DVVHVVPHQW RI URFN PDVV ZDV PDGH WKURXJK SK\VLFRPHFKDQLFDO SURSHUWLHV DQG




&RPSUHVVLYH6WUHQJWK03D 7HQVLOH6WUHQJWK03D 8QLW:HLJKWWP 505 3RLVVRQ¶V5DWLRY








1DPHRIGULYDJH 5RDGZD\ZLGWK 5RFNORDG 1RRIEROWVDFURVV 6SDFLQJEHWZHHQEROWV
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P WP WKHGULYDJH DORQJGULYDJHP
+DXODJH5RDG    
&URVVFXW    


















4.4. Geo-mining conditions considered for modelling 
7KHIROORZLQJSDUDPHWHUVKDYHEHHQFRQVLGHUHGIRUPRGHOOLQJ>@
6WRSHKHLJKW   P
6WRSHOHQJWK   PFHQWUHWRFHQWUHRIULESLOODU
5LESLOODU   P
&URZQSLOODU   P
2UHERG\GLS   R
2UHERG\WKLFNQHVV   PWRP
'HSWKRIFRYHUDWWK/HYHO   P





VDIHW\ IDFWRUDQDO\VLV LVSHUIRUPHG$IDFWRURI VDIHW\RIRU OHVV LV UHSUHVHQWDWLYHRI WKHXQVWDEOH
]RQH
7KHQXPHULFDOPRGHOOLQJFRQFOXGHVWKDW




E ,QFUHDVLQJ WKH OHYHO LQWHUYDO WR P KDV QR VLJQLILFDQW LPSDFW RQ WKH VWRSH EDFN VWDELOLW\
7KXVWKHVWRSHEDFNVXSSRUWV\VWHPZRXOGUHPDLQVDPHDVWKHFXUUHQWSUDFWLFH
7KHURFNPHFKDQLFVVWXG\UHYHDOVWKDWWKHLQFUHDVHLQVWRSHKHLJKWIURPH[LVWLQJPWRPKDVQR










x 0HFKDQLFDO KDQGOLQJ RI 520 KDV EHHQ VXFFHVVIXOO\ LQWURGXFHG DQG LPSURYHG WKH IDFH
SURGXFWLYLW\XSWR7








 %960XUWK\ HW DO *HRSK\VLFDO H[SORUDWLRQ IRU PDQJDQHVH ±VRPH ILUVWKDQG H[DPSOHV IURP .HRQMKDU GLVWULFW 2ULVVD
-,QG*HRSK\VLFV8QLRQ-XO\9RO1RSS
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 .LGG PLQH FDVH VWXGLHV 0LQHUDO
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SS
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